Due to differences in chemical and physical properties between oil and water, remote sensing methods are well suited in their application to detection and identification of oil and other slicks in the marine environment. Of the several systems used by investigators, the ones which measure luminescence properties of the target show great promise in slick detection and may be the only systems, currently developed, which have the potential for material identification. It is important to petroleum explorationists and pollution monitoring groups alike to be able to distinguish between slicks composed of crude oil or a refined petroleum product. The identification of a slickforming material as a crude oil would not prove the existence of a commercial petroleum deposit but the identification of a slick-forming substance which had been refined would indicate a man-made source.
THE PROBLEM Detection and identification of oil or other pollutant slicks in the marine environment are distinct yet closely related processes. This paper describes laboratory luminescence measurements of selected refined petroleum products and a fish oil sample to determine if these measurements, made at particular Fraunhofer lines, would permit the distinction between these materials and crude oils. If this distinction can be made in the laboratory, similar measurements in the field may allow broad classification of the material comprising marine slicks. 1
MATERIALS AND METHODS
Thirteen commercially available refined petroleum products and one fish oil sample (table 1) were analyzed in the laboratory with a Perkin-Elmer* model MPF-3 luminescence spectrometer. A suite of 19 pure organic compounds (table  2) was also selected for measurements identical to those performed on the refined products in table 1. These compounds with the exceptions of samples 57, 58, and 59 are likely to occur in crude oils and refined products in significant quantities (Price, 1976) . They were included in this study to determined if any particular compound or family of compounds displayed high luminescence at any of the four Fraunhofer lines used. Laboratory procedures are outline in detail in Henry and Donovan (1984 Results of luminescence measurements of the pure organic compounds are given in table 5. Of the compounds which are likely to be volumetrically important in crude oil, all but one show low luminescence values (less than 10 ppb rhodamine WT equivalence) at the four wavelengths measured. The exception is cyclopentane which shows a rhodamine WT equivalence of 16.4 ppb at the 396.8 nm Fraunhofer line. The refined products show a general shift toward higher luminescence values at shorter wavelengths as compared to previously studied crude oils (Henry and Donovan 1984) shown in tables 3 and 6. The presence of various additives and dyes in the refined products may be, in part responsible for this shift. The range of hydrocarbon numbers found in gasoline, solvent, * Any use of trade names and trademarks in this publication is for descriptive purposes only and does not constitute endorsement by the U.S. Geological Survey. 2 kerosene, and diesel fuel (table 7) shows considerable overlap and would not be expected to give rise to the large differences in luminescence intensity seen among these products. The refining process itself may also affect the differences noted in luminescence intensities between crude oils and refined products. Removal of the dark colored material (NSO, polynuclear, aromatics and asphaltene) from crude oil yields a more transparent liquid which may be less opaque to the excitation energy. This conclusion is in agreement with luminescence data gathered from crude oils (table 6 ). Crude oils with higher API gravity (more mature) show a general trend toward higher luminescence than the heavier (less mature) oils. Luminescence intensity of the selected crude oils, as a function of wavelength, is shown in decreasing order (table 8) .
The data from table 3 and 6 are shown in figures 1 and 2. Figure 1 is a scatter diagram of natural log of the luminescence intensity of the crude oils and refined products plotted for the 486.1 nm and the 656.3 nm Fraunhofer lines. Figure 2 is a similar scatter diagram using data from the 396.8 nm and the 656.3 nm Fraunhofer lines. Both diagrams show that the crude oils and refined products tend to cluster into two fields. It is possible that a more distinct separation could be made between these two groups based on luminescence data collected from other Fraunhofer lines not used in this study. These two figures also demonstrate the usefulness of multispectral data in a classification scheme of this type. More work in this area would lead to a library of multispectral signatures of various pollutants which could be used for material classification, at least in gross categories. Values shown are corrected for non-linearity of the excitation lamp, detector response and solar intensity as a function of wavelength, and given in parts per billion (ppb) rhodamine WT equivalence. > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 6 > 3 6 > 3 6 > 3 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 > 6 > 3 3 Refers to luminescence measured at the 396.8 Fraunhofer line. 4 Refers to luminescence measured at the 486.1 Fraunhofer line. 5 Refers to luminescence measured at the 589.0 Fraunhofer line. 6 Refers to luminescence measured at the 656.3 Fraunhofer line.
